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Aflatoxins are toxic, mutagenic, and carcinogenic compounds that contaminate various
types of foods and feedstuffs. The aflatoxin levels in various kinds of peanut products in
Taiwanwere surveyed during the recent decade. A total of 1827 commercial peanut products
were collected from different regions of Taiwan from 1997 to 2011. The samples were
cleaned by immunoaffinity columns and analyzed for aflatoxins B1, B2, G1, and G2 by high-
performance liquid chromatography with fluorescence detection. Aflatoxins were detected
in 32.7% of samples with levels ranging from 0.2 mg/kg to 513.4 mg/kg. Peanut butter had the
highest aflatoxin-positive incidence, followed by peanut flour, peanut candy, rice syrup, and
peanuts. In addition, 6.8% of the samples had total aflatoxin concentrations (i.e., the sum of
B1 þ B2 þ G1 þ G2) that were higher than the Taiwan regulatory limit of 15 mg/kg. Among the
aflatoxin-positive samples, aflatoxin B1 had the highest frequency of detection, followed by
aflatoxin B2, aflatoxin G2, and aflatoxin G1. This longterm survey provides valuable infor-
mation on aflatoxin contamination in peanut products marketed in Taiwan.
Copyright ª 2013, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. Open access under CC BY-NC-ND license.1. Introduction influence on the growth of certain fungi. Aflatoxins are stableAflatoxins (AFs) are secondary metabolites produced by fungi
in the genus Aspergillus, which includes the species Aspergillus
flavus, Aspergillus parasiticus, and Aspergillus nomius [1]. The
most important types of aflatoxins are AFB1, AFB2, AFG1, AFG2,
AFM1, and AFM2. They are highly toxic and carcinogenic
compounds that cause disease in livestock and humans [2e4].
Aflatoxin B1 is most frequently found in plant substrates and
shows the greatest toxigenic potential [1]. The International
Agency for Research on Cancer (IARC) has classified AFB1
as a Group 1 human carcinogen [5]. Many factors such as
temperature, humidity, and insect damage can have a hugeinistration, Department o
. Lin).
ministration, Taiwan. Publismallmolecules and cannot be destroyed by heat treatment or
during processing. Thus, monitoring and prevention of afla-
toxins in foods and feeds are important issues worldwide.
In the past few years, the contamination of foods with af-
latoxins has been reported in many countries. Most contam-
ination was in cereals and nuts, and was analyzed by using
high-performance liquid chromatography (HPLC). Cavaliere
reported that among 48 marketed maize samples, 15 samples
were contaminated with aflatoxins and five samples did not
comply with the European Union legislation (4 ng/g) [6].
In Turkey, aflatoxins were detected in 50.5% (48/95) of pista-
chio nuts. The highest level was 7.72 parts per billion (ppb) [7].f Health, Taipei 115, Taiwan, ROC.
shed by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
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in 60 peanuts butter samples in three areas of Sudan. The
mean and ranges were as follows: 63.9 ppb (29e128 ppb),
54.5 ppb (21e131 ppb), and 101 ppb (17e170 ppb) [8]. In Iran,
aflatoxin B1 was detected in 3699 of 10,068 pistachio nut
samples. The levels in 1191 samples (11.8%) were above the
maximum tolerated level established in Iran (5 ng/g) [9].
Peanuts are a good source of protein and vitamin E and
have a good flavor. It is a very popular snack worldwide. In
Taiwan, people of all age groups widely consume peanut
products, and the predominant place of production is south-
ern Taiwan. The Taiwanese make desserts with peanut flour,
cook dishes with roasted peanuts, and drink traditional rice
syrup made of rice and peanuts. However, aflatoxin contam-
ination in peanuts could pose severe problems. To protect
consumers, many countries have established legislation to
regulate the levels of aflatoxins (AF). The United States Food
and Drug Administration has set the limit for total AFs at
20 mg/kg [10], whereas the European Commission established
the current limit for AFB1 and total AFs as 2 mg/kg and 4 mg/kg,
respectively, for nuts, dried fruits, and cereals [11]. The hot
and humid climate in Taiwan is ideal for the growth and
development of these fungi, particularly in peanut products.
Taiwan has set regulatory limits for total AFs in peanut and
corn at 15 ppb, and other cereals at 10 ppb.
Longterm surveillance with large sample numbers and
variety of peanut products are limited in the literature. The
aim of this surveywas to investigate the incidence of aflatoxin
contamination in peanut products in Taiwan.Fig. 1 e High-performance liquid chromatography (HPLC)
chromatograms of (A) the aflatoxin standard and (B) the
aflatoxin-contaminated peanut candy sample.
FLU[ fluorescence.2. Materials and methods
2.1. Samples
A total of 1827 of peanut samples of various product cate-
gories, including 1031 peanut candy samples, 142 peanut
butter samples, 257 raw peanut samples, 322 peanut flour
samples, and 75 samples of rice syrup (a traditional Chinese
breakfast drink made from rice and peanuts) were randomly
collected from traditional markets, supermarkets, grocery
stores, wholesale stores, and convenience stores located in 25
counties of Taiwan. The samples were collected yearly from
1997 to 2011. Each sample was ground and thoroughly mixed
in a blender. The ground samples were put in sealed bags and
stored at 4 C until analysis.
2.2. Chemicals and reagents
A mixed standard solution of AFB1, AFB2, AFG1, and AFG2 dis-
solved in methanol was purchased from Supelco (Bellefonte,
PA, USA). The concentrations of AFB1, AFB2, AFG1, and AFG2
were 1000 ng/mL, 300 ng/mL, 1000 ng/mL, and 300 ng/mL,
respectively. Working solutions were prepared prior to use by
appropriate dilution in methanol:water (50:50). Immu-
noaffinity columns (Aflatest-P) were purchased from Vicam
(Watertown, MA, USA). Sodium chloride (reagent grade) and
methanol (LC grade) were purchased from Sigma-Aldrich (St
Louis, MO, USA). Deionized water (Millipore Co., Bedford, MA,
USA) was used for all preparations.2.3. Apparatus
The equipment used in this study included a photochemical
reactor enhancement detection system (Aura Industries Inc.,
Staten Island, NY, USA), a HPLC system (Hitachi Co., Tokyo,
Japan) that was equipped with a L-2130 pump, a L-2485 fluo-
rescence detector, and a L-2200 autosampler.
2.4. Sample preparation
Prior to extraction, the peanut samples were ground by using a
food blender (Rong-cong Co., Taichung, Taiwan). Twenty-five
grams of ground peanut sample, 5 g of salt (NaCl), and 125 mL
of extract solvent methanol:water (60:40, v/v) were placed in the
jarandblendedat15,000 rpmfor2minutesbyusingahigh-speed
homogenizer (Model PH91,NihonseikiKaishaLtd., Tokyo, Japan).
The extract was then filtered throughWhatman number 1 filter
paper (Whatman International Ltd., Maidstone, Kent, UK).
Twentymilliliters of thefilteredextractwasdilutedwith20mLof
deionized water, and then mixed well. The diluted extract was
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national Ltd., Maidstone, Kent, UK). Ten milliliters of filtered
diluted extract was passed completely through an AflaTest af-
finity column at a rate of approximately 1e2 drops per second
until air came through the column. The column was washed
twice by passing 10mL of deionized water through it at a rate of
approximately 1e2 drops per second. Aflatoxins were eluted
from the affinity column by passing 1.0 mL of HPLC grade
methanol through the column at a rate of approximately 1e2
dropsper secondandcollecting all of the sample eluent ina2-mL
volumetric flask. Approximately 1 mL of deionized water was
added to the volumetric flask tomake a total volume of 2 mL, as
the sample solution. This was then injected into a HPLC system.
2.5. HPLC analysis
Analysis by HPLC was performed by a Hitachi HPLC system
(Hitachi Co., Tokyo, Japan) equipped with a fluorescence
detector at wavelengths of 360 nm and 440 nm for excitation
and emission, respectively. A Cosmosil 5C18-AR column
(250 nm  4.6 mm, 5 mm; Nacalai Co., Kyoto, Japan) was used.
The injection volume was 50 mL. Themobile phase, methanol/
water (45/55, v/v), was pumped at a constant flow rate of
1.0 mL/min. The photochemical reactor enhancement detec-
tion systemwas connected between the HPLC column and the
fluorescence detector. The unit included a 254-nm low pres-
sure mercury lamp, a lamp holder, and a knitted PTFE reactor
coil in which derivatization took place. The unit performed
continuous online photolytic derivatization to enhance the
fluorescence sensitivity of aflatoxins. Data acquisition was
performed by using EZChrom Elite Chromatography Software
Version 317 (Hitachi Co., Tokyo, Japan).3. Results and discussion
A total of 1827 peanut samples of five different product cate-
gories were collected from different areas of Taiwan andFig. 2 e The overall results of aflatoxin contamination in peanu
positive [ aflatoxin-positive.analyzed in each year. The analytical method was reliable [in
accordance with the Taiwan Food and Drug Administration
(TFDA) Official Method] [12]. The detection limits were 0.2 mg/
kg, 0.1 mg/kg, 0.2 mg/kg, and 0.1 mg/kg for AFB1, AFB2, AFG1, and
AFG2, respectively. There was good linearity (r
2 > 0.995)
in AFB1 (0.1e50 ng/mL), AFB2 (0.05e15 ng/mL), AFG1
(0.1e50 ng/mL), and AFG2 (0.05e15 ng/mL). To check the ac-
curacy of the results, we participated in the international
proficiency testsdthe Food Analysis Performance Assessment
Scheme (FAPAS; York, United Kingdom)din 2008 (test 04121),
2009 (test 04144), 2011 (test 04184), and 2012 (test 04198). The
results were all satisfactory (Z < 2). Fig. 1 shows a typical
chromatogram of the aflatoxins. The retention times of AFB1,
AFB2, AFG1, and AFG2 were approximately 13.4 minutes, 11.3
minutes, 9.6minutes, and 8.3minutes, respectively. In Fig. 1A,
the concentrations of AFB1, AFB2, AFG1, and AFG2 standards
were 10 ng/mL, 3 ng/mL, 10 ng/mL, and 3 ng/mL, respectively.
Fig. 1B illustrates the HPLC chromatogram of a contaminated
peanut candy sample with AFB1 (23.1 mg/kg), AFB2 (4.4 mg/kg),
and AFG2 (0.3 mg/kg).
Fig. 2 shows the overall results of aflatoxin contamination
in peanut products in Taiwan from 1997 to 2011. Among these
products, 597 samples were contaminated with at least one
type of aflatoxin. The percentage of positive samples ranged
from 11.0% (year 2001) to 47.5% (year 2011). The percentage of
noncompliant samples (i.e., total aflatoxin concentration
>15 mg/kg) ranged from 1.7% (year 2001) to 11.1% (year 2006).
Table 1 shows the incidence of aflatoxins in various com-
mercial peanut products. The average percentage of positive
samples was: 32.8% for peanut candy; 52.8% for peanut butter;
7.8% for peanuts; 44.1% for peanut flour; and 29.3% for rice
syrup. Among the five different categories of peanut samples,
peanut butter had the highest incidence of aflatoxin-positive
samples. The percentages of positive samples of peanut but-
ter in 1997, 1998, 2009, 2010, and 2011 were as high as 72.2%,
88.2%, 100%, 78.8%, and 80.0%, respectively. Aflatoxins were
more easily detected in peanut candy, peanut butter, and
peanut flour than in unprocessed peanuts. Raw peanuts aret products in Taiwan from 1997 to 2011. AF-
Table 1 e The incidence and concentration of aflatoxins in various commercial peanut products in Taiwan from 1997 to
2011.
Products Year No. of
samples
AF-positive
samples, n (%)
Total concentration,
mean (range)b or mean  SD
Noncompliant
samples, n (%)a
Peanut candy 1997 64 12 (18.8) d 5 (7.8)
1998 113 58 (51.3) d 13 (11.5)
1999 83 31 (37.3) d 9 (10.8)
2000 95 22 (23.2) d 4 (4.2)
2001 59 8 (13.6) d 1 (1.7)
2005 67 26 (38.8) 32.9 (0.4e513.4) 5 (7.5)
2006 45 20 (44.4) 19.5 (0.2e240.4) 12 (26.7)
2007 92 30 (32.6) 19.8 (0.2e50.5) 11 (12.0)
2008 99 32 (32.3) 41.9 (0.6e269.2) 14 (14.1)
2009 97 28 (28.9) 22.7 (0.4e202.7) 7 (7.2)
2010 127 30 (23.6) 6.1 (0.2e45.3) 4 (3.1)
2011 90 41 (45.6) 26.6 (0.2e490.9) 7 (7.8)
Total 1031 338 (32.8) 24.5  63.9 92 (8.9)
Peanut butter 1997 36 26 (72.2) d 4 (11.1)
1998 17 15 (88.2) d 1 (5.9)
2001 21 5 (23.8) d 1 (4.8)
2006 39 5 (12.8) 2.45 (0.2e9.8) 0 (0)
2009 5 5 (100) 1.96 (1.2e2.8) 0 (0)
2010 14 11 (78.8) 1.28 (0.2e4.12) 0 (0)
2011 10 8 (80.0) 5.5 (0.2e32.5) 1 (10.0)
Total 142 75 (52.8) 2.8  5.1 7 (4.9)
Peanut 1997 30 0 (0) d 0 (0)
1998 68 12 (17.6) d 1 (1.5)
2001 36 0 (0) d 0 (0)
2005 20 1 (5) 107.1 1 (5)
2006 9 0 (0) N.D. 0 (0)
2007 42 0 (0) N.D. 0 (0)
2008 5 0 (0) N.D. 0 (0)
2009 4 0 (0) N.D. 0 (0)
2010 32 7 (21.9) 1.7 (0.3e1.9) 0 (0)
2011 11 0 (0) N.D. 0 (0)
Total 257 20 (7.8) 14.9  2.1 2 (0.8)
Peanut flour 1998 20 3 (15.0) d 0 (0)
2001 2 0 (0) d 0 (0)
2004 51 31 (60.8) d 6 (11.8)
2005 91 40 (44.0) 4.61 (0.2e25.1) 2 (2.2)
2006 15 2 (13.3) 6.0 (5.7e6.3) 0 (0)
2007 29 16 (55.2) 15.31 (2.0e53.8) 5 (17.2)
2008 36 10 (27.8) 8.8 (0.8e19.8) 1 (2.8)
2009 27 12 (44.4) 5.55 (1.0e28.8) 1 (3.7)
2010 21 10 (47.6) 12.5 (0.8e53.3) 3 (14.3)
2011 30 18 (60.0) 13.0 (0.2e45.8) 5 (16.7)
Total 322 142 (44.1) 8.4  12.1 23 (7.1)
Rice syrup 2004 75 22 (29.3) d 0 (0)
Overall total 1827 597 (32.7) 16.5  8.3 124 (6.8)
d ¼ no complete record; N.D. ¼ not detected.
a The total aflatoxin concentration is >15 mg/kg.
b The total concentration (mg/kg) is the sum of B1 þ B2 þ G1 þ G2 for all detected samples.
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peanut candy, peanut butter, and peanut flour. Milling more
easily exposes peanuts to oxygen and mold because of the
increased surface area. This may be why the frequency of
aflatoxin contamination is higher in processed peanut prod-
ucts than in unprocessed raw peanuts in shells. This finding
has not been reported in the literature.
Table 1 shows that 124 (6.8%) samples in this survey were
contaminated with high levels of aflatoxins, and their total
aflatoxin concentrations (i.e., the sum of B1 þ B2 þ G1 þ G2)
were higher than the regulatory limit (15 mg/kg) used inTaiwan. Among the products, 8.9% of peanut candy samples,
4.9% of peanut butter samples, 0.8% of peanut samples, and
7.1% of peanut flour samples contained aflatoxins in amounts
higher than the regulatory limit. None of the rice syrup sam-
ples exceeded the regulatory limits. Among the five different
categories of peanut samples, peanut candy had the highest
incidence of noncompliance. The highest number (26.7%)
occurred in the year of 2006. In addition, peanut flour is widely
used in Asian cuisine. The high incidence of aflatoxin
contamination in peanut flour is also noteworthy. In this
survey, the average percentage of positive samples was 44.1%
Table 2 e The average contamination levels of aflatoxins
B1, B2, G1, and G2 for positive samples among the different
product categories.
Category Average contamination level (mg/kg)
AFB1 AFB2 AFG1 AFG2
Peanut candy 21.34  52.88 5.16  9.46 3.55  4.47 0.70  0.74
Peanut flour 7.02  9.36 1.54  1.89 0.21  0.10
Peanut 1.56  1.60 0.59  0.38
Peanut butter 1.27  0.90 0.40  0.11
Data are presented as the mean  standard deviation.
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2010, and 2011, the aflatoxin regulatory limit (15 mg/kg) was
exceeded by 17.2%, 14.3%, and 16.7%, respectively, of the
peanut flour samples. The results of this survey were also
provided to the local health bureaus in Taiwan to supervise
peanut product manufacturers on improving their products.
In this survey, 597 samples were contaminated with at
least one type of aflatoxin. Fig. 3 shows the different
contamination rates among AFB1, AFB2, AFG1, and AFG2 in
each type of sample in 2005 and in the years 2007e2010. The
most common contaminant was AFB1, followed by AFB2,
AFG2, and AFG1, whether the product was peanut candy,
peanut flour, peanuts, or peanut butter. The contaminant
AFB1 was present in 99.2% of positive peanut candy samples,
in 100% of positive peanut flour samples, in 100% of positive
peanut samples, and in 100% of positive peanut butter sam-
ples. The same trend is reported in the literature [13]. The
most toxic aflatoxin is AFB1 and it is the most dominant
aflatoxin in cereals and nuts, which indicates its importance.
The contamination rate of AFB2 in peanut flour samples
(89.6%) was interestingly higher than the rate in peanut candy
samples (64.2%), peanut samples (28.6%), or peanut butter
samples (56.3%). The contamination rates of AFG1 and AFG2
were not as high as the rates of AFB1 and AFB2. The contam-
inant AFG1 was only present in peanut candy samples (5.8%).
The contaminant AFG2 was only present in peanut candy
samples (10.0%) and in peanut flour samples (8.3%). In addi-
tion, the total aflatoxin levels of the 597 positive samples in
this survey ranged from 0.2 mg/kg to 513.4 mg/kg. Table 2 also
shows the average contamination levels of AFB1, AFB2, AFG1,
and AFG2 among different matrices in 2005 and in the years
2007e2010. The highest levels were for AFB1, followed by AFB2,
AFG1, and AFG2. Among the 4 matrices, peanut candy had the
highest contamination levels, followed by peanut flour, pea-
nuts, and peanut butter. The average contamination levels of
AFB1, AFB2, AFG1, and AFG2 in the peanut candy matrix were
21.34 mg/kg, 5.16 mg/kg, 3.55 mg/kg, and 0.70 mg/kg, respectively.
The AFB1 contamination of traditionally processed peanut
butter for human consumption in Sudan has been reported
by Elshafie et al [8]. They interestingly observed that the
incidence of AFB1 was lower in retail stores samples than in
samples prepared by street sellers. In this study, the inci-
dence of aflatoxins was not significantly different in peanut
products collected from different places such as traditional
markets, supermarkets, grocery stores, wholesale stores, and0
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Fig. 3 e The comparative contamination rates of the
aflatoxins (AF) B1, B2, G1, and G2 for positive samples
among the different product categories.convenience stores. In addition, compared to the cereal
survey results in Taiwan [14], the incidence of aflatoxins in
peanuts was much higher than the incidence in cereals (e.g.,
rice, wheat, oat, and corn) in Taiwan.
The incidence and contamination levels of aflatoxins in
peanut products in this study were close to or higher than
those reported in literature [13,15e17]. A survey was under-
takenwith respect to aflatoxin contamination in various retail
foods in Japan [15]. Aflatoxins were detected in 10 out of 21
peanut butter samples, but the highest level of AFB1 was only
2.59 mg/kg. A survey on peanut products was conducted in
Brazil [13]. The results showed that 44.2% of the samples were
positive for aflatoxins at levels of 0.5e103.8 mg/kg. Nine of the
positive samples (i.e., 3.7% of the analyzed samples) had total
aflatoxin concentrations higher than the regulatory limit in
Brazil (20 mg/kg). Another set of survey results from South
Korea shows that the incidence of AFB1 was 4.6% with the
highest level being 48.6 mg/kg [16]. In addition, the AFB1
contamination levels in the peanut products in a survey
conducted in Malaysia ranged from 1.47 mg/kg to 15.33 mg/kg.
By contrast, higher incidence and contamination levels of
aflatoxins inpeanutproducts canalsobe found in the literature,
compared to the data obtained in this survey, especially in Af-
rica and South America. A survey of 385 peanut samples in
Western Kenya was conducted [18]. The highest level was
7525 mg/kg. Among the samples, 7.54% of the samples exceeded
Kenya’s regulatory limit of 20 mg/kg. Another set of survey re-
sults in Brazil shows that 47% of peanut samples had levels
higher than 20 mg/kg with some samples as high as 997 mg/kg
[19]. Rustom et al [20] summarized the data during the years
1982e1994 concerning aflatoxin contamination in peanuts and
peanut products collected from several countries such as
Senegal, Mexico, the United States, Philippines, India, the
UnitedKingdom,andNigeria. Theyconcluded that thepresence
of aflatoxin was extremely variable worldwide with incidences
ranging from 30% to 100% at levels as high as 2888 mg/kg.
According to the results of a food consumption survey
conducted by the Department of Health in Taiwan [21], the
average amount of consumption of daily nuts by male and
female Taiwanese is 4.17 g and 3.04 g, respectively, and the
average male and female adult body weight is 64.3 kg and
54.5 kg, respectively. Based on the aforementioned data, the
probable mean daily intake (PDIM) of aflatoxins from peanut
products in Taiwan was estimated as 1.07 ng/kg and 0.92 ng/
kg of body weight per day for males and females, respectively.
This was calculated by using the mean concentration
(16.5 mg/kg) of aflatoxins in positive samples of all products
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this study was higher than the PDIM reported in the literature
[13,16]. This indicates that aflatoxin contamination of peanut
products may be a public concern in Taiwan, especially
among children. Children consume large quantities of peanut
candies, which have the highest number of noncompliant
samples with aflatoxins (i.e., a total aflatoxin concentration
higher than 15 mg/kg). It can be hazardous for children, who
are more sensitive to such highly carcinogenic contaminants.
In the future, it will be worthwhile to continue to monitor
aflatoxin contamination in peanut products, especially in
peanut candy and peanut butter.4. Conclusion
This comprehensive paper presents long-term data on the
contamination of peanut products by aflatoxins in Taiwan.
Among 1827 peanut samples, the percentages of aflatoxins-
positive samples and noncompliant samples were 32.7% and
6.8%, respectively. The natural occurrence of aflatoxins varies
betweendifferent product categories and localities in different
years. The incidence of aflatoxins in processed peanut prod-
ucts such as peanut candy and peanut butter was higher than
the incidence of aflatoxins in unprocessed peanuts and rice
syrup. Among the 1827 samples, 6.8% of the samples had total
aflatoxin concentrations (i.e., the sumof B1þ B2þG1þG2) that
were higher than the regulatory limit in Taiwan (15 mg/kg). The
results of this survey were also provided to the local sanitary
bureaus to supervise the peanut product manufacturers in
improving their products. Implementing strict periodic moni-
toring and imposing fines on noncompliant products to reduce
aflatoxin production and accumulation in susceptible com-
modities may help reduce contamination to an acceptable
level and prevent significant health and economic losses.
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